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(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a silicon single crystal 
wafer having a wide control width and an ultralow defect density 
over the whole surface of the crystal in the absence of both a 
V-rich region and an I-rich region under readily controllable 
production conditions by specifying the pulling up conditions of 
the crystal when growing the silicon single crystal according to 
a Czochralski (CZ) process. 

SOLUTION: A crystal is pulled up in a region surrounded by a 
border line between a V-rich region and an N-region and a 
border line between the N-region and an I-rich region in a 
defect distribution chart indicating the defect distribution for 
the distance D (mm) from the crystal center to the periphery of 
the crystal as the abscissa axis versus a value of F/G (mm2/° 
C.min) as the ordinate axis when the pulling up speed is F 
(mm/min) and the average value of the gradient of the 
temperature in the crystal in the pulling up axis direction in a 
region of temperatures from the melting point of the silicon to 
1.400°C is expressed as G C'C/mm). The value of F/G is 
preferably regulated to 0.11 2-0.1 42 mm2/°C.min at the crystal 
center to pull up the crystal. 
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* NOTICES * 



iTPO and NCXPI are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by confiputer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The silicon single crystal wafer characterized by for the nucleus of the OSF ring generated in the 
shape of a ring or an OSF ring existing in the silicon single crystal wafer raised by the Czochrlski method 
when thermal oxidation processing is carried out, and FPD and ratio of length to diameter not existing in the 
whole wafer surface. 

[Claim 2] It is the silicon single crystal wafer characterized by not generating an OSF ring and FPD and 
ratio of length to diameter not existing in the whole wafer surface when OSF thermal oxidation processing is 
carried out although the oxygen density of the whole wafer surface is less than 24 ppmas and the potential 
nucleus of an OSF ring exists by oxygen precipitation heat treatment in the silicon single crystal wafer 
raised by the Czochrlski method. 

[Claim 3] In case a silicon single crystal is raised with the Czochrlski method, a pull-up rate is set to F 
[mm/min]. When the average of inclination is expressed with G [**/mm] from the melting point of silicon 
whenever [ crystal internal temperature / of the pull-up shaft orientations between 1400 degrees C ], In the 
defective distribution map in which having set the axis of abscissa as the distance D from a crystal center to 
the crystal circumference [mm], and having shown defective distribution by setting an axis of ordinate as the 
value of F/G [mm2 / **, and min] The manufacture approach of the silicon single crystal wafer 
characterized by pulling up a crystal in the field surrounded by the borderline of a V-rich field and N-field, 
and the borderline of N-field and an I-rich field. 

[Claim 4] The manufacture approach of the silicon single crystal wafer indicated to claim 3 characterized by 
pulling up a crystal for the value of said F/G as 0.112-0.142mm2/degree C and min in a crystal center. 
[Claim 5] The manufacture approach of the silicon single crystal wafer indicated to claim 3 or claim 4 
characterized by controlling so that the time amoxmt which passes through the temperature region from 1050 
degrees C to 850 degrees C under said crystal becomes 140 or less minutes. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a silicon single crystal wafer with few crystal defects, and 

its manufacture approach. 

[0002] 

[Description of the Prior Art] In recent years, the quality demand to the silicon single crystal produced with 
the Czochrlski method (it is hereafter written as a CZ process) used as the substrate has been increasing with 
detailed-izing of the component accompanying high integration of a semiconductor circuit. The defect of a 
single crystal growth reason in which the oxide film proof-pressure property especially called grown-in 
(Grown-in) defects, such as FPD, LSTD, and COP, and the property of a device are worsened exists, and 
importance is attached to reduction of the consistency and size. 

[0003] In explaining these defects, it explains being known generally about the factor which determines 
each concentration of the point defect of the hole mold first called the Vacancy (it may outline Vacancy and 
Following V) incorporated by the silicon single crystal, and the mold silicon point defect between grids 
called Interstitial-Si (it may outline Interstitial-Si and Following I) incorporated. 

[0004] In a silicon single crystal, V fields are Vacancy, i.e., the crevice generated fi-om lack of a silicon 
atom, and a field with many things like a hole. With an I region It is the thing of a field with many lumps of 
the rearrangement and the excessive silicon atom which are generated when a silicon atom exists in an 
excess. Between V field and an I region The neutral (it may outline Neutral and Following N) field without 
lack of an atom or an excess (few) will exist. And with [ even if said grown-in defects (FPD, LSTD, COP, 
etc.) occur when V and I are in a condition /******/ to the last, and it has the bias of some atoms ] 
saturation [ below ], it has turned out that it does not exist as a defect. 

[0005] The concentration of both this point defect is decided fi-om the pull-up rate (growth rate) of the 
crystal in a CZ process, and relation with the temperature gradient G near [ under crystal ] the solid-liquid 
interface, and existence of the defect of the shape of a ring called OSF (an oxidation induction stacking 
fault. Oxidation Indused Stacking Fault) is checked in the boundary neighborhood of V field and an I 
region. 

[0006] A classification of the defect of these crystal growth reason calls the V-rich field the field where 
grown-in defects by which it is considered as the void reason to which hole type point defects gathered 
when a growth rate is a high speed comparatively, the above before and after 0.6 mm/min and, such as FPD, 
LSTD, and COP, exist in high density throughout the direction of the diameter of a crystal, and these defects 
exist (refer to drawing 4 (a)). Moreover, when a growth rate is 0.6 or less mm/min, the field where the 
above-mentioned OSF ring is generated fi*om the circumference of a crystal with lowering of a growth rate, 
the defect of ratios of length to diameter (Large Dislocation: the code of the dislocation loop between grids, 
LSEPD, LFPD, etc.) considered to be dislocation loop reasons by the outside of this ring exists in a low 
consistency, and these defects exist is called the I-rich field (refer to drawing 4 (b)). Furthermore, if a 
growth rate is made into a low speed 0.4 mm/min order, an OSF ring will condense and disappear at the core 
of a wafer, and the whole surface will serve as an I-rich field ( drawing 4 (c)). 

[0007] Moreover, the existence of the field where neither FPD of a hole reason, LSTD, COP nor LSEPD of 
a dislocation loop reason and LFPD exist called N field to the outside of an OSF ring is discovered in the 
medium of a V-rich field and an I-rich field recently (refer to JP,8-330316,A). It is reported that this field is 
the I-rich field side which is not so rich as there is almost no precipitation of oxygen by being in the outside 
of an OSF ring when oxygen precipitation heat treatment is performed and the contrast of a deposit is 
checked by X-ray observation etc., and LSEPD and LFPD are formed (refer to drawing 3 (a)). And improve 
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the temperature distribution in furnace of a pull-up machine for N field which exists only in the pole of a 
wafer part in the conventional CZ pull-up machine, and a pull-up rate is adjusted. F/G value (when setting a 
crystal pulling rate to F [mm/min] and setting the average of inclination to G [**/mm] from the melting 
point of silicon whenever [ crystal intemal temperature / of the pull-up shaft orientations between 1300 
degrees C ]) If it controls to the whole wafer surface and a crystal overall length by setting to 0.20- 
0.22mm2 / **, and min the ratio expressed with F/G, it will be proposed that it is possible to extend N field 
all over a wafer (refer to drawing 3 (b)). 
[0008] 

[Problem(s) to be Solved by the Invention] However, if it is going to extend and manufacture such a super- 
low defective field into the whole crystal, since this field will be limited only to N field by the side of an I- 
rich field, if it is an experimental aircraft, it is [ with a production machine, / precision control is difficult 
and / a difficulty ] in productivity at any rate, and is not practical [ a control range is very narrow on 
manufacture conditions, and ]. Furthermore, it became clear that it differed from the created defective 
distribution map (refer to drawing 1 ) based on the data for which this invention persons experimented and 
investigated the defective distribution map currently indicated by this invention, and it asked, and data 
substantially. 

[0009] This invention was made in view of such a trouble, and its control width of face is wide, and it aims 
at obtaining the silicon single crystal wafer by the CZ process which is super-low defect density, 
maintaining high productivity under the manufacture conditions which are easy to control by continuing all 
over the crystal with which neither a V-rich field nor an I-rich field exists. 
[0010] 

[Means for Solving the Problem] Invention which it was accomplished in order that this invention might 
attain said object, and was indicated to claim 1 of this invention is a silicon single crystal wafer 
characterized by for the nucleus of the OSF ring generated in the shape of a ring or an OSF ring existing 
when thermal oxidation processing is carried out, and FPD and ratio of length to diameter not existing in the 
whole wafer surface in the silicon single crystal wafer raised by the CZ process. 

[001 1] and as the manufacture approach of such a silicon single crystal wafer As indicated to claim 3 of this 
invention, in case a silicon single crystal is raised with the Czochrlski method When a pull-up rate is set to F 
[mm/min] and the average of inclination is expressed with G [**/mm] from the melting point of silicon 
whenever [ crystal intemal temperature / of the pull-up shaft orientations between 1400 degrees C ], In the 
defective distribution map in which having set the axis of abscissa as the distance D from a crystal center to 
the crystal circumference [mm], and having shown defective distribution by setting an axis of ordinate as the 
value of F/G [mm2 / **, and min] It is the manufacture approach of the silicon single crystal wafer 
characterized by pulling up a crystal in the field surrounded by the borderline of a V-rich field and N-field, 
and the borderline of N-field and an I-rich field. 

[0012] Thus, so that it may be settled in the field surrounded by the borderline of a V-rich field and N-field, 
and the borderline of N-field and an I-rich field based on the defective distribution map of drawing 1 which 
analyzed and searched for the result of an experiment and examination If the average G of inclination is 
controlled from the pull-up rate F of a crystal, and the melting point of silicon whenever [ crystal intemal 
temperature / of the pull-up shaft orientations between 1400 degrees C ] and a crystal is pulled up The 
silicon single crystal wafer with which the nucleus of the OSF ring generated in the shape of a ring or an 
OSF ring exists when thermal oxidation processing indicated to said claim 1 is carried out, and FPD and 
ratio of length to diameter do not exist in the whole wafer surface is producible. 
[0013] Furthermore, it is in a concrete target. We are a crystal center about the value of said F/G, and 
decided to pull up a crystal as 0.1 12-0.1 42mm2 / **, and min (claim 4). 

[0014] Thus, although the field which may generate an OSF ring at the time of thermal oxidation processing 
has been included so that drawing 1 may see by controlling the value of F/G by the crystal center to 0.1 12- 
0.142mm2 / **, and min Since N field of OSF ring inside and outside is pulled up as the maximum 
amplification is carried out, a control range with inclination becomes large a pull-up rate and whenever 
[ crystal intemal temperature ], manufacture conditioning becomes easy also in a production machine, and a 
wafer with many N fields can be produced easily. 

[0015] Thus, although an OSF ring is generated in the shape of a ring or the nucleus of an OSF ring is latent 
when the silicon single crystal wafer obtained by the manufacture approach of this invention according to 
claim 3 or 4 carries out thermal oxidation processing for this wafer It is the wafer of not existing in the 
whole wafer surface, and all over the so-called wafer, a V-rich field and an I-rich field do not exist but FPD 
and ratio of length to diameter (LSEPD, LFPD) have an area of neutrality N field very big [ a field ], as 
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shown in drawing 2 (b). It is the wafer which had the new defect structure which expanded N field of said 
OSF ring outside, and N field of the OSF ring inside to the maximum in the silicon wafer of large this 
invention of such an N field using N field existing also inside the OSF ring which OSF may generate in the 
shape of a ring when the nucleus of an OSF ring is latent and thermal oxidation processing of this wafer is 
carried out. 

[0016] And in the silicon single crystal wafer with which invention indicated to claim 2 of this invention 
was raised by the CZ process, although the oxygen densities of the whole wafer surface are under 24ppma(s) 
(ASTM79 value) and, as for the potential nucleus of an OSF ring, exist by oxygen precipitation heat 
treatment, it is the silicon single crystal wafer characterized by not generating an OSF ring when OSF 
thermal oxidation processing is carried out, and FPD and ratio of length to diameter not existing in the 
whole wafer surface. And it was made to control as the manufacture approach of such a silicon single crystal 
wafer, in addition to the manufacture approach indicated to claim 3 or claim 4, so that the time amount 
which passes through the temperature region fi-om 1050 degrees C to 850 degrees C under said crystal 
becomes 140 or less minutes as indicated to claim 5 of this invention. 

[0017] Thus, if the heat history is controlled as it has been 140 or less minutes about the time amount which 
holds down the oxygen density in a growth crystal to less than 24 ppmas, or passes through the temperature 
region from 1050 degrees C to 850 degrees C under growth crystal Since a device is not affected even if it 
can check growth of an OSF nucleus and the potential nucleus of an OSF ring or an OSF ring exists in a 
wafer on parenchyma, although the nucleus of an OSF ring is latent when OSF thermal oxidation processing 
is carried out, after all this wafer An OSF ring is not generated and they are FPD and ratio of length to 
diameter (it LSEPD(s)). the whole surface where neither LFPD nor an OSF ring with which the so-called 
whole wafer surface does damage also for a V-rich field and an I-rich field of not existing in the whole 
wafer surface exists ~ it can continue all over an usable crystal and a wafer [ defect density super-low ] can 
be obtained. And it is possible to also make control of F/G into a large control range in this case, and a wafer 
can be produced easily practically. 

[0018] Hereafter, although explained to a detail per this invention, this invention is not limited to these. In 
advance of explanation, lessons is taken fi-om each vocabulary, and it explains beforehand. 
1) K2 Cr 207 after cutting down a wafer from the silicon single crystal rod after growth and etching and 
removing a surface distortion layer with the mixed liquor of fluoric acid and a nitric acid in FPD (Flow 
Pattern Defect) A pit and a ripple pattem arise by etching a front face with the mixed liquor of fluoric acid 
and water (Secco etching). This ripple pattem is called FPD, and the defects of oxide-film pressure-proofing 
increase in number, so that the FPD consistency within a wafer side is high (refer to JP,4- 192345, A). 
[0019] 2) When the same Secco etching as FPD is performed, call SEPD (Secco Etch Pit Defect) a thing 
without FPD, a call, and a flow pattem for the thing accompanied by a flow pattem (flow pattem) with 
SEPD. When it is thought in this that large SEPD (LSEPD) 1 0 micrometers or more originates in a 
rearrangement cluster and a rearrangement cluster exists in a device, a current leaks through this 
rearrangement and it stops achieving the fiinction as a P-N junction. 

[0020] 3) Cut down a wafer from the silicon single crystal rod after growth, and carry out cleavage of the 
wafer to LSTD (Laser Scattering Tomography Defect) after etching and removing a surface distortion layer 
with the mixed liquor of fluoric acid and a nitric acid. Incidence of the infrared light can be carried out from 
this cleavage plane, and the scattered light by the defect which exists in a wafer can be detected by detecting 
the light which came out from the wafer front face. About the scatterer observed here, it is an institute etc., 
there is already a report, and it is regarded as the oxygen sludge (J. J.A.P. VoL32, P3679, 1993 reference). 
Moreover, the result that it is the void (hole) of octahedron is also reported by the latest research. 
[0021] 4) the defect which becomes the cause of degrading oxide film pressure-proofing of the core of a 
wafer, with COP (Crystal Originated Particle) - it is ~ Secco - by SC-1 washing (washing by the mixed 
liquor of NH4 OH:H2 02:H2 0=1:1:10), the defect set to FPD if dirty works as a selection etching reagent, 
and is set to COP. The diameter of this pit is investigated with light scattering measurement by 1 micrometer 
or less. 

[0022] 5) It is the defect which there are LSEPD, LFPD, etc. in ratio of length to diameter (Large 
Dislocation: code of the dislocation loop between grids), and is considered to be a dislocation loop reason. A 
large thing 10 micrometers or more is said that LSEPD described above also in SEPD. Moreover, also in 
FPD which LFPD described above, the magnitude of a head pit says a large thing 10 micrometers or more, 
and it is considered the dislocation loop reason also here. 

[0023] the place investigated in the detail about the boundary neighborhood of V field and an I region about 
the silicon single crystal growth by the CZ process as this invention persons proposed by Japanese Patent 
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Application No. No. 199415 [ nine to ] previously - **** of this boundary neighborhood the narrow field 
had few FPD(s), LSTD(s), and COP remarkably, and it discovered that there was a neutral field where 
LSEPD does not exist, either. 

[0024] Then, if this neutral field can be extended all over a wafer, it will conceive that a point defect can be 
reduced substantially, and since the pull-up rate is almost fixed in the wafer side of a crystal, the main 
factors which determine concentration distribution of the point defect within a field will be temperature 
gradients in a growth (pull-up) rate and the relation of a temperature gradient. That a difference is in the 
temperature gradient of shaft orientations in a wafer side that is, on a problem If this difference can be 
reduced, that the concentration difference of the point defect within a wafer side can also be reduced A 
header. When controlling whenever [ fiimace temperature ] and adjusting the pull-up rate so that the 
difference of the temperature gradient Gc of the crystal center section and the temperature gradient 
germanium of a crystal circumference part might be set to **G=(germanium-Gc) <=5 degree-C/cm, a wafer 
without the defect which the whole wafer surface becomes fi-om N field came to be obtained. 
[0025] In this invention, as a result of difference **G of the above temperature gradients using the crystal 
pulling equipment by the small CZ process, changing a pull-up rate and investigating the inside of the 
crystal face, the following knowledge was newly acquired. Although N field which exists between a V-rich 
field and an I-rich field was conventionally considered to be only the outside of an OSF ring (nucleus), it 
checked that N field existed also inside an OSF ring (refer to drawing 2 (a)), namely, the case of above- 
mentioned Japanese Patent Application No. No. 1 9941 5 [ nine to ] ~ an OSF ring - a V-rich field and the 
border area of N field ~ becoming --**** (refer to drawing 3 (a)) - it tumed out that these two are not 
necessarily in agreement. This is not discovered when it experiments with the large crystal pulling 
equipment of the conventional **G, but as a result of investigating the crystal which used the small crystal 
pulling equipment of the **G above-mentioned this time, it is discovered. 

[0026] Whenever [ fiimace temperature / of the pull-up equipment in this examination ] was wholeheartedly 
analyzed using the comprehensive heat transfer analysis software FEMAG (F. 33 Dupret, P.Nicodeme, 
Y.Ryckmans, P.Wouters, and M.J.Crochet, Int.J.Heat MassTransfer, 1849 (1990)). When a pull-up rate is 
set to F [mm/min] and the average of inclination is expressed with G [**/mm] fi-om the melting point of 
silicon whenever [ crystal internal temperature / of the pull-up shaft orientations between 1400 degrees C ], 
the value of F/G consequently, in a crystal center If the pull-up rate F and the temperature gradient average 
G are controlled to become within the limits of 0.1 12-0.1 42mm2 / **, and min Although the nucleus of the 
OSF ring generated in the shape of a ring or an OSF ring existed when OSF thermal oxidation processing 
was carried out, it tumed out that the silicon single crystal wafer with which FPD and ratio of length to 
diameter do not exist in the whole wafer surface is obtained. 

[0027] Although drawing 1 is the case where a silicon single crystal with a diameter of 6 inches is made into 
an example, it expresses many defective distribution at the time of setting an axis of abscissa as the direction 
location of a path of a crystal, and setting an axis of ordinate as F/G value. Between a crystal center location 
and the location from a core to about 50mm, the boundary of a V-rich field / N field goes up gently from 
0.142mm2 / **, and min, and if it applies to a periphery from this location, it is on the line which increased 
F/G value rapidly, so that clearly from drawing 1 . The cores of an OSF ring field are about 0.125mm2 / **, 
and min, and if it applies to a crystal periphery, they are on the line which increased F/G value rapidly 
almost in parallel with the borderline of a V-rich field / N field. Furthermore, the boundary with N field / I- 
rich field was set to 0.1 12nmi2 / **, and min between the crystal center location and the location from a core 
to about 70mm, and has fallen rapidly toward the crystal periphery after that. Therefore, what is necessary is 
just to make it become 0. 1 12-0. 142mm2 / **, and min in a crystal center location, in order to make the most 
of N field in the wafer containing an OSF ring. 

[0028] When this was explained in respect of the wafer, as it was conventionally shown in drawing 3 (a) 
Although a pull-up rate and **G tended to be controlled using special crystal pulling equipment and it was 
going to manufacture the defect-free crystal that N field which exists in the outside of the OSF ring in a 
usual pull-up rate and crystal pulling equipment should be expanded all over a crystal (refer to drawing 3 
(b)) Control was difficult, and the control width of face of manufacture conditions, such as a pull-up rate and 
a temperature gradient, is very narrow, and it was not [ the difficulty was in productivity and ] practical. 
[0029] In this invention, it did not limit only to N field of the outside of an OSF ring, but N field was made 
to carry out the maximum amplification also using N field (refer to drawing 2 (a)) which exists also inside 
the OSF ring discovered this time. That is, the pull-up rate, **G, and crystal pulling equipment to which N 
field can be expanded all over the maximum wafer while the OSF ring had been included, as shown in 
drawing 2 (b) were chosen and pulled up. Consequently, if inclination is adjusted and pulled up a pull-up 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 2/1 9/2005 



JP,11-147786,A [DETAILED DESCRIPTION] 



Pages of 7 



rate and whenever [ crystal internal temperature ] so that it may fall within the range of F/G value which was 
described above, the wafer of a low defect can be easily manufactured under manufacture conditions with 
the control width of face expanded conventionally. 

[0030] It turns out that an OSF ring is not generated by thermal oxidation processing even if the nucleus of 
an OSF ring exists in the whole wafer surface from the latest research in the case of hypoxia concentration, 
and a device is not affected about an OSF ring on the other hand. If the oxygen density in the whole wafer 
surface is less than 24 ppmas as a result of using the same crystal pulling equipment for the threshold value 
of this oxygen density and pulling up the crystal of some kinds of oxygen density level, when thermal 
oxidation processing of a wafer is performed, it is checked that an OSF ring is not generated. 
[003 1 ] That is, although it is to 24ppma(s) that the nucleus which serves as OSF covering a crystal overall 
length exists when drawing 5 lowers an oxygen density gradually while raising the crystal of one, but an 
OSF ring is observed when thermal oxidation processing of a wafer is performed and an OSF ring nucleus 
exists in less than 24 ppmas, it means that the OSF ring by thermal oxidation processing is not generated. 
[0032] Incidentally, in order to set the oxygen density under growth crystal to less than 24 ppmas, that what 
is necessary is just to carry out by the approach generally used from the former, distribution etc. can be 
adjusted whenever [ rotational frequency / of a crucible /, or melt internal temperature ], and the means of 
controlling the convection current of melt can perform easily. 

[0033] In addition, even if an OSF ring is not generated, there is an inclination for precipitation of oxygen to 
decrease, in the place where the nucleus exists, but since strong gettering is not required in the bottom 
process of low temperature of a device, either, the little of the precipitation of oxygen in an OSF field does 
not become a problem. 

[0034] Subsequently, the conditions which check growth of an OSF ring nucleus were examined. So that 
some kinds of crystal pulling equipments (what changed the configuration in a furnace) with which 
temperature distribution in furnace differs may be used and an OSF ring may be generated at the time of 
OSF thermal oxidation processing Into the crystal which gave the heat history which passes through a 1050- 
850-degree C temperature band in 140 or less minutes as a result of controlling a pull-up rate and pulling up 
a crystal OSF thermal oxidation processing in which the existence of OSF ring generating is checked after 
that is performed. The ** OSF ring was not checked (I.). [ Yamashita ] and Y.ShimanukiiThe 
Electrochemical SocietyExtended Abstract and Los Angels, Carifomia, and May7- 12, 1989, and P. 346 
reference. 

[0035] Then, in addition to F / G value control, an oxygen density is held down to less than 24 ppmas during 
a crystal. Or if the heat history which passes through the temperature region from 1050 degrees C to 850 
degrees C of a growth crystal is controlled as it has been 140 or less minutes, and growth of an OSF ring 
nucleus is checked When OSF thermal oxidation processing is carried out, there is nothing, FPD and ratio of 
length to diameter do not exist, but the whole crystal surface is occupied in an usable field, and generating 
of an OSF ring can produce a defect-free crystal in the large condition range. 
[0036] Namely, in case a silicon single crystal is raised by the CZ process, a pull-up rate is set to F 
[mm/min]. When the average of inclination is expressed with G [**/mm] from the melting point of silicon 
whenever [ crystal internal temperature / of the pull-up shaft orientations between 1400 degrees C ], the 
value of F/G in a crystal center Control to 0.112-0.142mm2 / **, and min, and an oxygen density is held 
down to less than 24 ppmas during a crystal. Or by controlling so that the time amount which passes through 
the temperature region from 1050 degrees C to 850 degrees C under said crystal becomes 140 or less 
minutes the whole surface which an OSF ring does not generate even if it carries out thermal oxidation 
processing, while having large N field — an usable defect-free wafer can be easily manufactured under the 
conditions that control width of face is wide. 
[0037] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a detail, 
referring to a drawing. First, drawing 6 R> 6 explains the example of a configuration of the crystal pulhng 
equipment by the CZ process used by this invention. As shown in drawing 6 , this crystal pulling equipment 
30 The pull-up room 3 1 , the crucible 32 prepared all over the pull-up room 3 1 , and the heater 34 arranged 
around a crucible 32, It has the reel style (not shown) which rotates or rolls round the crucible maintenance 
shaft 33 made to rotate a crucible 32 and its rolling mechanism (not shown), the seed chuck 6 holding the 
seed crystal 5 of silicon, the cable 7 that pulls up a seed chuck 6, and a cable 7, and is constituted. A quartz 
crucible is prepared in the side in which a crucible 32 holds the silicon melt (molten bath) 2 of the inside, 
and the graphite crucible is prepared in the outside. Moreover, the heat insulator 35 is arranged around 
[ outside ] the heater 34. 
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[0038] Moreover, in order to set up the manufacture conditions in connection with the manufacture 
approach of this invention, the annular solid-liquid interface heat insulator 8 is formed in the periphery of 
the solid-liquid interface of a crystal, and the up surrounding heat insulator 9 is arranged on it. This solid- 
liquid interface heat insulator 8 forms the 3-5cm clearance 1 0 between that soffit and surface of hot water of 
silicon melt 2, and is installed in it. The up surrounding heat insulator 9 may not be used depending on 
conditions. Furthermore, coolant gas is sprayed or the tubed cooling system 36 which interrupts radiant heat 
and cools a single crystal is formed. Independently, by installing the magnet which is not illustrated in the 
horizontal outside of the pull-up room 31, and impressing magnetic fields, such as a horizontal direction or a 
perpendicular direction, to silicon melt 2, the convection current of melt is controlled and, recently, the so- 
called MCZ method for measuring the stable growth of a single crystal is used in many cases. 
[0039] Next, the single-crystal-growth approach by above crystal pulling equipment 30 is explained. First, 
within a crucible 32, the high grade polycrystal raw material of silicon is heated more than the melting point 
(about 1420-degreeC), and is dissolved. Next, tiie head of a seed crystal 5 is made contacted or immersed in 
the surface abbreviation core of melt 2 by beginning to roll a cable 7. Then, while rotating the crucible 
maintenance shaft 33 in the proper direction, single crystal growth is started by rolling round rotating a cable 
7 and pulling up a seed crystal 5. Henceforth, the single crystal rod 1 of an approximate circle column 
configuration can be obtained by adjusting a pull-up rate and temperature appropriately. 
[0040] In this case, in this invention, especially in order to attain the object of this invention, as shown in 
drawing 6 , in the periphery space of the liquefied part in the single crystal rod 1 on the surface of hot water 
of the pull-up room 31, it is important that the temperature of the crystal near the surface of hot water 
formed the annular solid-liquid interface heat insulator 8 in the temperature region fi*om 1420 degrees C to 
1400 degrees C and to have arranged the up surrounding heat insulator 9 on it. Furthermore, it is good also 
as structure which should form the equipment 36 which cools a crystal, for example, a cooling system, in the 
upper part of this heat insulator if needed, should spray coolant gas on this fi-om the upper part, should cool 
the crystal, and attached the radiant heat reflecting plate in the cylinder lower part. 

[0041] Thus, since a heat insulation effect is acquired by radiant heat near the crystal growth interface and 
the radiant heat fi-om a heater etc. can be cut in the upper part of a crystal by establishing a predetermined 
clearance in the location of the right above of an oil level, arranging a heat insulator, and considering as the 
structure which formed fiirther the equipment which cools a crystal in the upper part of this heat insulator, 
the manufacture conditions of this invention can be satisfied. An air-cooling duct, a water-cooled coil, etc. 
which surround the perimeter of a crystal are formed, and you may make it secure a desired temperature 
gradient independently [ said tubed cooling system 36 ] as a cooling system of this crystal. 
[0042] Conventional equipment was shown in drawing 7 for the crystal pulling equipment used by this 
invention, and a comparison. Although it is the same as the pull-up equipment used by this invention about 
fundamental structure, neither the solid-liquid interface heat insulator 8, the up surrounding heat insulator 9 
nor the cooling system 36 is equipped. 
[0043] 

[Example] Although an example is given and the gestalt of concrete operation of this invention is explained 
hereafter, this invention is not limited to these. 

(Example 1) It raised, having charged 60kg of raw material polycrystalline silicon to the 20 inch quartz 
crucible, and lowering an average pull-up rate for the diameter of 6 inches, and the silicon single crystal rod 
of bearing <100> to 0.88 - 0.50 mm/min with the pull-up equipment 30 shown in drawing 6 , (body die 
length of about 85cm of a single crystal rod). It was made into 4cm space fi-om about 1420 degrees C and 
the surface of hot water up to the soffit of an annular solid-Hquid interface heat insulator, on it, the water 
temperature of silicon melt has arranged the annular solid-liquid interface heat insulator of 10cm height, it 
adjusted the crucible maintenance shaft, set the height from the surface of hot water to pull-up room head 
lining as 30cm, and arranged the up surrounding heat insulator. And F/G value in the crystal center section 
were changed to 0.22-0. 10mm2 and **/min, and was pulled up. 

[0044] From the single crystal rod obtained here, the wafer was cut down, mirror plane processing was 
performed, the mirror plane wafer of a silicon single crystal was produced, and the grown-in defect was 
measured. Moreover, thermal oxidation processing was performed and the existence of OSF ring generating 
was checked. Consequently, although the OSF ring field which F/G value generates fi-om the wafer 
periphery section in about 1 5mm location at the time of thermal oxidation processing within the limits of 
0.1 12-0.142mm2 / **, and min existed, the super-low defective wafer which carried out the maximum 
amplification of the N field where the grown-in defect of these ring inside and outside does not exist was 
obtained. In addition, the oxide-film proof-pressure property of this wafer became 100% of rates of C-mode 
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excellent article. In addition, the C-mode Measuring condition is as follows. 

1) Oxide-film thickness : 25nm Two measuring electrode: Phosphorus dope polish recon 3 electrode-surface 
product: 8mm2 4 judging current: lmA/cm2 5 excellent-article judging: Dielectric-breakdown electric field 
judged the thing of 8 or more MV/cm to be an excellent article. 

[0045] (Example 2) Except having carried out by lowering an oxygen density gradually during crystal 
pulling, it raised on the same conditions as an example 1 , and fi-om the obtained single crystal rod, the wafer 
was cut down, mirror plane processing was performed, the mirror plane wafer of a silicon single crystal was 
produced, and the grown-in defect was measured. Moreover, thermal oxidation processing was performed 
and the existence of OSF ring generating was checked. 

[0046] Consequently, F/G value of the wafer of 24 or more ppmas was the super-low defective wafers with 
which the oxygen density within a wafer side has an OSF ring fi-om a wafer core in N field in which a whole 
surface grown-in defect does not exist in about 15mm location within the limits of 0.1 12-0.1 42mm2 / **, 
and min. On the other hand, the oxygen density within a wafer side W2is the defect-fi-ee wafer which does 
not generate an OSF ring by thermal oxidation processing, although the OSF nucleus existed in N field in 
which, as for the wafer of less than 24 ppmas, a whole surface grown-in defect does not exist. In addition, 
the oxide-film proof-pressure property of this wafer became 100% of rates of C-mode excellent article. 
[0047] (Example 3) Except having given the heat history which made time amount which passes through the 
temperature region to 1050-850 degrees C under crystal 140 or less minutes during crystal pulling, it raised 
on the same conditions as an example 1 , and fi-om the obtained single crystal rod, the wafer was cut down, 
mirror plane processing was performed, the mirror plane wafer of a silicon single crystal was produced, and 
the grown-in defect was measured. Moreover, thermal oxidation processing was performed and the 
existence of OSF ring generating was checked. 

[0048] Consequently, even if the oxygen density was the thing of 27ppma(s), F/G value was the defect-fi-ee 
wafers which do not generate an OSF ring by thermal oxidation processing, although the OSF nucleus 
existed in N field in which a whole surface grown-in defect does not exist within the limits of 0. 1 12- 
0.142mm2 / **, and min. In addition, the oxide-film proof-pressure property of this wafer became 100% of 
rates of C-mode excellent article, 

[0049] In addition, this invention is not limited to the above-mentioned operation gestalt. The above- 
mentioned operation gestalt is instantiation, and no matter it may be what thing which has the same 
configuration substantially with the technical thought indicated by the claim of this invention, and does the 
same operation effectiveness so, it is included by the technical range of this invention. 
[0050] For example, although the example was given and explained per in the above-mentioned operation 
gestalt when a silicon single crystal with a diameter of 6 inches was raised When this invention is not 
limited to this, but a pull-up rate is set to F [mm/min] and the average of inclination is expressed with G 
[**/mm] fi*om the melting point of silicon whenever [ crystal internal temperature / of the pull-up shaft 
orientations between 1400 degrees C ], the value of F/G in a crystal center If it controls to be set to 0.1 12- 
0.142mm2 / **, and min, it is applicable also to the diameter of 8-16 inches, or the siHcon single crystal 
beyond it. Moreover, it cannot be overemphasized that this invention is applicable also to the so-called MCZ 
method for impressing a level magnetic field and length magnetic field, a cusp field, etc. to silicon melt. 
[0051] Furthermore, in the above-mentioned operation gestalt, although hypoxia-izing and heat history 
control were explained independently, both both may be carried out and an OSF ring can be defanged more 
certainly. 
[0052] 

[Effect of the Invention] As explained above, according to this invention, the control width of face of single- 
crystal-growth conditions becomes large, and the wafer to which the maximum N field was expanded can be 
easily produced by using N field of an OSF ring outside, an OSF ring or an OSF nucleus, and N field of the 
inside. And if hypoxia-izing or control of the heat history of a low temperature range is used together, an 
OSF ring will not be generated, either, but a glow in defect can also manufacture a silicon single crystal 
wafer with the defect-fi^ee whole wafer svirface of super-low level. 
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(57)Abstract - . 

PROBLEM TO BE SOLVED: To produce a silicon single crystal wafer having a 
wide control width and an ultralow defect density over the whole surface of the 
crystal in the absence of both a V-rich region and an I-rich region under readily 
controllable production conditions by specifying the pulling up conditions of the 
crystal when growing the silicon single crystal according to a Czochralski (CZ) 
process. 

SOLUTION: A crystal is pulled up in a region surrounded by a border line 
between a V~rich region and an N-region and a border line between the N- 
region and an I-rich region in a defect distribution chart indicating the defect 
distribution for the distance D (mm) from the crystal center to the periphery of 
the crystal as the abscissa axis versus a value of F/G (mm2/° C.min) as the 
ordinate axis when the pulling up speed is F (mm/min) and the average value of 
the gradient of the temperature in the crystal in the pulling up axis direction in a 
region of temperatures from the melting point of the silicon to 1,400' C is 
expressed as G C C/mm). The value of F/G is preferably regulated to 0.112- 
0.142 mm2/" C.min at the crystal center to pull up the crystal. 
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[^^mitmmj£(o:^m^m^^ immw-^ -19234 

[0 0 1 9] 2) SEPD (S e c c o Etch P 
it Defect) iii. FPDil^— tDS e c c o 

:jLy$^i^^'^m Interne. jMnmm (f 1 ow pat 30 

t e r n) ^<*^fc(D^FPD<fcP?2/. i^timm^Wt> 
tl^SEPD (LSEPD) {^lKfii^^:^^-ic®H*r 

[0020] 3) LSTD (Laser Scatte 
ring Tomogrraphy Defect) <h 

-cmo^t^/cf*. e7x-^^?:f*gi^So c<Dmmm^K^ 
t r X ^ y Nrt i^cff a-r s i^fis ^ ^ mTt ^«^aiT 

( J . J . A. p. Vo 1 . 3 2. P3 6 7 9. 1 9 
9 3#M) o ^fc. ftific3r>fF5ST«. AM^O^i^V F 

[0021]4)COP (Crystal Or i s i 
nated Particle) tit, jl—j^CD^^O^ 50 
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B<omimmK^^^it^-^^mmtrxi>xfsx. see 

c ox.;.^r'&iFPDCcfj:>E)^^Pim SC-l?5fe?^(N 
H. OH : H, O, : H, 0= 1 : 1 : 1 0<OM^m(fC 
ct^gfe^) •riJil»?x.^:.5^>:5f^<J:bTfflb*. COPCC 

[0 02 2 ] 5) LXB (Large Disloca 
t i o n : ^^raiEti:;U-:7'CDBS-^) L S E P 

D. LFPD^:^^5^D. Kfir;U-:7'^H<h#x. ^tiTl^ 
^^^Firfc-S. LSEPD«, ±iBO/c<i: ^CCSEPD 
<0*-Ct 1 0 mnJ^±OA#C>fe<D*l=>^. tfc. LF 
PD^3:. ±iBL^/cFPDcr)43-cfe5fe^t:':. h (D;;^^ $ 

[0 0 2 3 ] *^B3^ejj, 5fe^c^I1^9 - 1 9 9 4 1 
D. LSTD. COP(DmmO<'pr£< . LSEPD 

ft. 

[0 0 24] -ec-r. CCDx^^ h^^U^^^MJi^'^x- 
7i>^'m*ntf, ^x^/>®[^(7:),^,XRScD7m^^i?Se»1i-5> 

c i ^mm L . jSb^b ^r^l:^ggcDfi^^ge g c ^ fSa^sagis 

t&cr)Sg^iBGeiC[)^?:AG= (Ge-Gc) ^5*C 

/ c m i ^cC >S J: ^ ^ P«g?^S[ ^ $^JfflI L. T 5 1 ± ilS ^ il 

gsma. ^x-/^±B:&^N^s^:f&^6i^c^^^Rlcr>^cci»;7 

X'->rA:6Sf#^n^ J: 5 IfCtji^tc, 
[0 0 2 5 ] ^^HBT^. ilHCDct: ^ J^JrSS^SacD^A 
G:^?vjN$i.czi£tci:^*SB^gi±i;fS^g*ffifflL/. ?l± 

<D^t^^hnxi.^tci)K osF y>ycort<ifKc*>. N 
mi&tiiu&-ri>ct^mmLfc mz (a) 0m) . -r 

tj:t>i=>. ±mmW'Q - 1 9 9 4 1 OS F 

t^/c (03 (a) #BS) ti. C(Dn-^^ii£^TLfe-S:b 

[0 0 2 6 ] c(om^l,c:ism>^\±lfmm(D^^um. 

i^^e^^tffv:7 hFEMAG (F. Dupre 
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t. P. Nicodeme. Y. Ryckmans, 
P. Wouters. and M. J. Croche 
t. Int.. J. Heat MassTransfe 
r. 3 3, 1 8 49 (1 990) ) tr^L-ClS^^f 
=&ff^fc. fl±lfjiK«:F [mm/min] 

i L/ , i^'J^> ©iS**^ 6 1 4 0 0 'Ca:>ma>^ l±tflt* 
I^CDifeSrtiaS43Se©^l^fii?:G [-C/mm] "C^L-fc 
F/G©ffi«:JSa4i'C^-r, 0. 112~0. 142 
mm' /'C • m i nOfiHrti^c^-i: ^«:?|±lf jiSF 
tSS«JiE¥l^fiiGi€:$UaiTn«. OSFi^^{li!iiia 10 

L/ fc^K y > i't^CK^TS O S F 'J > i^* €) t, J» O 
SF lOi^O^^s^S-r.S^j©©^ FPDSO'L/DA^ 

[0 0 2 7] isse-f >g^©5^'j3>#j§ii,?& 

fiF!liL?cJS^-C*^,*i. *SB^©S:?7ltafeg*^i4iL> 
F /Gffi?:Sf||fc i UfcJt^©^i«iR6^7U^rS L.rt> -S. 
m 1 tPh«^hiJ>U^ 5 {c. V- 'J ?-«J^/N««i©^S 
^tJ. ^S=f'C^taa<!:tt3-C^Aie.$«j5 Omm$-C©firai 
©F^-caO. 1 4 2mm' /'C ■ m i n*i6i^-?'*iK:± 20 
iSL-. c©fiB*>6J1-JlK:M:fr»^«RK:F/Gffl*ti 
:*cL/?t^JiK$, o s F y > ^*'fI^lS©c^3'l:^B> sf^o . 

1 2 5mm' /'C • m i nT, SS?fS«:*>t^T:«V- 
y V 3^^«/N«^©^WiSi«SWL'T^»iCF/ 

G{il?:lf:A:L/clI±{C3bS. S e.tCN^i^/ I - y 5^ 
«li^i©JKW. I^Fm^'C-^m.t^'b't-^hmi OmmS 
r©Cigi©HTO. 1 1 2mm' /'C - m i n t^C 

^-o^. ilSo^^1-Jg^clfiIo■T:mfflt^c^|•^Ji^^?^,JS, 

tS-?-C, OSF y>i^€:^t?-5-©';'x-y%|^CDN^^ 

^|iBccffjffl-rsK:«. igB^4''i:vaa-eo. 112- 30 

0. 1 42mm' /X; • m i ni%.5J:^{CTni3:j: 
I*. 

[0 0 2 8] cn«:-i7X-^%©S-C|ttBJ-r.5.<5:. Se3fe 
tt. S3 (a) K:S^L./£iJ:^«C, ®^©?|±lfj^af<!:l» 

i±tf ^gfc ^. o s F y > if<n>^m<<c n^-t n 
^m^i^^±micn,iK.r^<. (03 (b) . 

$^g*fflt,.»-r ? ilS i AG L . 

[0029] O S F y > d'Oil-WJCNMJ^ 

^cW tClSS-B-r . ^II^S L/cO S F y > y©|^f|ij^ ^ 
^^n'Nmi^ m2 <a) ^T^^iSfllLrNM^ 

^u/ccfc^tcosF 'J > ■tf^-^/.tct^himM^M^m 
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x-/>*t?jg-r S C <»: *it?# 

[0 0 30] —73. O S F y >^icr>t,^Xit. M&OW 

2^^*>e)'?x-/^^Sl*l.■c^sM^igg©^i^^c«. o s f 
y > i5^©lg*5^??5 u r *)^K{fc*!istc iiDospy^y 

^ c or tr c©K^sa©KSW«it±. 1^ 
;v©^S*?l"±tffctell. ■i7x-^^±Srt©K^iSS*s 

2 4 p p m a*?s-c$>nrt. '^;x-/^(D^^^t^!ls*^f 

[0 0 3 1] -rUtyiz,. H5«. — *©*SH^5:?I±l-f4i 
fc^^ CcBs^^S^Tlf r -:. /cB#{c , *SB^^gtc to/c 
o-rOSFi%^^«i?^E-r.2>*5. ■)x--'^C0^^^bl8l 
S«rtf -o/cBtSFiCO S F y >i^*SBIg3nS©tt2 4 p p 
ma^-Cr, 2 4 p pma*SS-CttOSF y>i7;^tJ?? 
fi-rs*s. ^S!{bS&SfCj:^.OSF y>5*'(3:^^U-CC» 

[0 0 32] -^Ji^tC. RESitSScf3(D^rSS€r 2 4 p 

:&ffi-e?T;if3:j:<. ^i'->!K©iBii£i^$,€,t,^aai! 

•®F^fig:9-^P^?:PI^b-CiS-®©>!=raiS%SlJffl)-r^^©^ 

[003 3] ^:£*j. osF y>y«i?afeL.^t<T«>. ^■ 
^air^yf^f y >i^fcs^§n^ti,s©-e. os¥ mmr:<D 

[0 034] ycC^rO S F y ^^^^©fiSg^rPflWT?.^ 

<*PF«3«fi!c?rg:Mbfc«>©) €r|gtS!K«fflL-C. OSF 
Si^Yb«iSB#tco S F y >i*'ds^4r-5«t: ^ g|±lf 

msL^mm l.-c^b^b45 i±if /csi^. i o 5 o - s 5 o 
•c©aas«{* 1 4 o^}feiT-cjijers?^^M*#^fc 

^H^tca. -^©fto s F viy^^^o^m^mmri, o 

■ofcd. Yamashita and Y. Shim 
anukiiThe Electrochemical 

SocietyExtended Abstrac 
t, Los Angels, Garifornia, M 
ay7-12, 1989. P. 3 4 6#B1). 
[00 3 5] -ec-C, F/GfflSljmcm-C. ^SaltfJ® 
^SS*2 4 p pma*}^S{cjqJx.. ^SlHt. gSSifeS 

©1 0 5 0 vifib 8 5 0 •ci-coMmmimm-nmm. 

©^^^isu^frssHTfPis-r c i *5-c* s„ 
[0 0 3 6 ] r'itj^. czi^Kcfc-^-cv'y =i>#$ts 
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iSrWfirrSB^K. g|J:lfiiS*F [mm/min] i 

b> >; 3 >®s4.^*i6 1 4 0 0 'ccDF^cDg \±misyj\^ 

(Olf§^B[HUm^m(0^i^m^G [-C/mm] -CgLfc 

F/G<Dm^^^^'C^X\ 0. 112-0. 142 
mm' /'C • m i n (c$ij® 2 4 p 

pina*iiK»^> mrie^B^tti© 1 0 5 0 -C 

Jj^e. 8 5 0 •C$-C<DagJ|S=&jl3l-r^>B$H*J I 4 Or^JW 

•oi^jcfSsK-ftAaa?: bT o s F > ifiji^^ unc 

[0 0 3 7] 

■CffifflT S C Z J: smife^? SIS©«(Stai^&H 

6t,cj:K)mm-r^, m6i,cjjk-rj:'?ic. com^^m± 

tf^g3 0«. ?|±tf^3 li. §|JitfM3 icptC^W 

^nyt^iz-^sKs 2 <t. ;i'^;'d<3 2<D®H«ciea3n/cb 

-df3 4<?:. ^L-'^^^S 2^lHl^$-tf-5,>'l'-:'rKmf#3 3 

n 2 ©HiMi ©Fb^^c 3 ~ 5 c mOSgP^ 1 0 imii 
•5, liMl^^i«-prmtSB^^}^iPt.2.1iJtt©^a^M3 

e^iawru^,. succ. ;gi5-e«fi±tf*3 i©*^7? 

a?g©>r«£4«i*iJL> *if4B^©^^fiS;54«>!>» 
C 0 0 3 9 ] <>:K. ±sB©*^B^B?l±tf ilS 3 0 «: J: 6 

■e~> y 3 >©i§jifie[^iK^BjMif4^it'^. (i^ 1 4 2 o* 
c) Jui±tcftugiL-cffij^-r5. -Ate. ^-zfjuj^m^ 
mrci(,c^'omm2 ©^Mis^'C^sutca^i^B^ 5 ©5t 

SS*«St5?.«a«§#5. -e©SL> ^U-:'*«^i43 3?r 
Sim©:^|fijK:[i^§#5iifcK:. ^-zrji^iirM^i 
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[0 04 0] c©^^. tt. -^m^oymm^m 

tc. ?|±lfS3 1 ©Hgffi±©^i^a^^ 1 ^orgt^JSP^© 
i1-M^H{Cfcl,iT. ^®J51f ©JSS©fiS[*i 1 4 2 0 'C 

1 4 0 0"c$-c©iaKJ^«ciit^©gffi^Mi6fiSiW-8 

'SrSW/cC i -?-©±iC±aJHiK»f^1vJ 9 ^i2gL/c 
[ 0 0 4 1 ] C©<k 5 tc?SB©i»±©iagtCBiT^©^,Fa 

im^xmm^^^Sii'. $^{cc©wff^ivt©±g|j(c^ 

B^©±g|5-c»t-af^Ai6©*I*H^*;?7-? h-c^-2,© 
*^?B®t«^fr=£:SISS-l±-5Ct*J-r#4. c© 

*S^©?^*nftg i b r mriaMK©?^^^g 3 6 i » 

i9;wTSfa©ias43iE€:Si«-r s J: 5 (CUT fern*. 

[0 04 2] :^^m-cm^ucmmrsm±i-fmmttm 

©fcJ?)tcfie*©$^g=&S 7 K?n Lit. 
[0 04 3] 

[JISSW] JWT. :^^BJ©:ft»W?i:3IJ6©Ji5SS*ll5gWI 
(SlSiWl ) 06K:^L?c?|±lfi?g3Ot?. 2 0-^> 

L/. mme-o^. ^fii< i o o>©->';=i>#^s* 

*-sp*^5l±tfjSffiSr0. 8 8-0. 5 0mm/mintC 

Tlf '^c*s^?l±^f«:^T-o/c (#*S^^©fflfi§$^8 5 
cm), 3 >16vS©ilS(i$^j 1 4 2 0 'C. iSffi^^ 6 
iSt«^©HfKI?M^&f^»1v^©Ti^S -e «. 4 c m©^Hi 

fc. -ei/r. igS4i-Di3-C©F/G«i'&0. 2 2~0. 

1 0 mm' ■ 'C/m i n^C^{fc$-l±-C?l±lf/c. 

[0 04 4] CC-C?^^nft:^ifeS^7!iie.. 'i7i->'^?^ 

-^^^^■^s^L> ^^c^->■Y>:XR6©alJS?r^fo?c, a 

fc. i^K{b5as?:i6L.rosF ';>i*'»*©Wi»4rSi^ 
U/c. -eCiBm, F/GffijJiO. 112~0. 142m 
m' /'C • m i n©®Hrt(Cfct,4r. Ox— 

1 5 mmfigiC^^fMSB^tei^^f €. O S F U > 
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«rSfc. ft*j. c(o-tfx.-j^omimmK^mt. c-* 
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* F^a^ 1 0 0 % <!: ft -5 fc. ft *j . c-^-m^ 



1) 

3) 

5 ) 



2 5 n m 
8 mm' 



2) mmmm: u^k-t-- spys^.;^^, 

4) ^3Effi8fe : 1 mA/cm' , 



[0 04 5] 2 ) #lgB^B?l±Irf *tC{ft^ iCM^ 

iSL/To s F y >if^m<DmmimsBLfc. 

C 0 0 4 6 ] ^CD*§m. F/G«i*S0. 112~0. 1 
4 2 mm' /'C • m i n©MHF^Ktet,i-C. •i/x-^'NH 
rtK3RTilg3!)«2 4 p p m a W±©'?x w^»:^M^^a- 
> 'f >^^FS©^a L ft t, i N ^J|£t- -5 X - /Mti.G^^i 1 
5mm©gtC0 S F y >^''^W-r^Sfi^<:RS■i7X-y^-c 
-7 fc, C n(C>Ff L -C -^7 X ->'^[iF«3®E^gg3!»S 2 4 p p 
m a X (i^ffi i/n - > >r >5«cR6<D?¥?S L ft 

N mm-c. o s F K«??«E-r ^ *mmimmic j: r 

OSF y>^'^^^^^ftC»^^liPi'5x-/^-C$>■o7c. ft 20 

fe. c©<i7x--'NCD®S^bKiWE!^tttt. C-^-KMn'i. 

*1 0 0%iftofc. 

[0 04 7] <.mmm3 ) m*g^B5l±^f *(c. 

1 0 5 o~8 5 o'ci-c<Dm&m^m.Mri>'^si 1 4 

o»«Ti Lfcmm&'^^^tciumtmmm 1 iim— ^ 

mmtaiJiimLXiyv ::'>mm^<omm'tp:L-''^i: 

[0 04 8] ^*?SS3!)i2 7 p pma©^>CD 30 

-C*-5r«>, F/G4g*«0. 112~0. 14 2mm' 
/'C • m i n©eHrt(c*jC>-c, ±Mi^o->>(' >^«:Pi 
©^aUftl^Nfl^-C. O S FM»#itt-r ^.Ai^SffciO; 
StcJ:-3TO S F y >i''%^bftl,»«||5«iPi'?x-yN-r 
*-c?c. ft*J, C©'i7x-/N©Mtliii»E!^14W. C- 
b'B^&m 1 0 0 % i ft o fco 

[0 04 9] ftfc. *^Bgtt. ±^fiHK^tcRBSSn 
^4>©-etifti,^ ±iSllSfiffjeji(a:, P!|^K-c*t5. 

-ft«)S;=£WL. iRi«ftf-^ffl3am=£S-rs^>©tt. i»*> 40 

ft S ©T «> o r €»*:^©fi?SI5B«j«SHK:^^ 3 ti 
[005 0] ^J^tf . ±ia3SJSffJtl«:fcc^T«. iESB 

g?rF [mm/mi n] i L> i-'y :3:>©itdS,5iP, i 4 

0 0 •c©H©§ l±lf tt:iJifii©ifiB^rtas^i2©^i&ffl^: 

G [-C/mm] -C^Ltcm. F/G©®*^^!^!/!:^^. 
0. 112~0. 1 4 2mm' /"C • m i nift.z.<±:5 
fC$lJffl-rntf, iSS8~l 6-l^>5^*.5,CU±-etiJliLh© 

j^y 3>#igB^{cfc®ffi-c#s. Sfc. 2^^?i«, '>y 50 



Cit)t9>SMG z ate ^i^r^ ^) C i tt^ ^ sr-feft 

IS 

[0 0 5 1 1 ?6ic. ±iBJIiSff$^(;cfci»T«. fi^is 

[0052] 

[^?9©J!f)m] ti±SiBjL./cJ:5K, 2|s:a?BKJ:n», 
#igrBWJ3;^ff^©$iJ®ifi*ij2: < ft f) > o s F y > i^j^fiiJ 
©N^liS. osFy>y. «>^i,s«osF^Ro'-e©rt 
«iJ©N«J|c c i tc J; f) gAPSN^i|S<&tii;:A: L- 

fc'^7x-/^!&S^^cfp»•rsc^*J•r#s. *L-r. i& 
mmit$>^ \,^tis&m<ommMo:>Mm^^m-rti\to s 
F y >e^4>^i-a-r. ^^p--^ >iRBife®(g;U"<ji/©'? 

x->'>^M3&i3»i'jR5©J^ y n >*feBli>t7x-^N*S«S^ 
[0®©fS#ftSi?S] 

[HI] i'yn>mi^S'>x-/Nffirt(c*ii:r.5> i^s© 

S::^l^{ag=&«ffiiL.. F/Gffi!=£^«iL//cJS^©^ 

[02] *^Hi-CI%SL/ci^B^affif*9^XK&«-l^^aL./c 

( a ) a^©? I ±lf ^ff r-? |±tf fctg^. ( b ) *:^Hg 
©? I±lf ^#-Cl l±Of /ciS^, 

[ H 3 ] §£*©? |±lf W •S^B^SF'ilgiKJie^j:* 

( a ) ai;S©? I±lf ^ff -C? |±tf fclS^. ( b ) 5 l±tf 

m4 ] S£*©?l±lf:)?ffifc*>t:f sgiiifiisittsffl 
F^i^H^TS i©M{^<l:ab/cSiqiS-C* 
( a ) BSil? [±lf ©Jt^, ( b > tfii? I±lf ©^^. 
(c) {£S?l±lf©lS^. 

[05] :$:^H^tC4il,iT. -^JX-z^^cfSlS^ftiaS^rML. 

?c^©G s F y >{f(om^mmt o s FSc^a^JiSi 
©J^I?ficfi*sfeB^B*K3RteS«:S?ffi$ nrt* -5 c i 

(a) ifeS»©g§:&[trjagi^5g?igS©g8<l«raL//c 
7. ( b > feB^B8JBfBffKfcl,»-c. O S F y > ii^©^ 

[06] ^^Hj-rffifflbfcC Z^tC J; suites? I±lf 
[07] CZffiK:j:^,S»©#iSag|±ifSg©gjtiBSSi 
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